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(54) [Title of the Invention] Active Matrix Substrate and Manufacturing Method thereof 

(57) [ABSTRACT] 

[Object] To reduce the number of patterning steps and improve the yield 

[Solution] A gate electrode 1, a scan line 3, and a portion 14 of a signal line 2 are formed on a glass substrate 
20, a gate insulating film 4 and a non-doped a-Si film 5 are continuously deposited, a channel protection film 
1 1 is then laminated, patterning is carried out for contact holes 8 in a drain 6 and a source 7, while peripheral 
contact portions for leading portions of the scan line 3 and the signal line 2 as well as a contact hole 9 
reaching the signal line 2 are formed, a contact layer 10 is formed, and a conductive material is then 
deposited to form a pixel electrode 15^ a source electrode 13 and a drain electrode 12, and the portion 14 of 
the signal line 2 by patterning. 
[Scope of Claims] 

[Claim 1] An active matrix substrate characterized in that, in a thin film transistor substrate in 

which a channel-protection type thin film transistor is arranged on a substrate, the channel-protection type 
thin film transistor comprising a gate electrode, a gate insulating film, a semiconductor layer, a drain 
electrode and a source electrode, and a channel passivation: a signal line is composed of a first region 
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comprising a nnetal of the same layer as a scan line and a second region comprising a metal of the same 
layer as a pixel electrode, and the first and second regions are connected to each other through a contact 
hole provided on the first region. 

[Claim 2] The active matrix substrate according to claim 1, characterized in that the signal line 

other than the signal line portion made from the same layer as the scan line comprises a light-transmitting 
conductive material subjected to patterning to be shared v/ith the pixel electrode. 

[Claim 3] The active matrix substrate according to claim 2, characterized in that the signal line 

other than the signal line portion made from the same layer as the scan line comprises a metal subjected to 
patterning to be shared v/ith the drain electrode and the source electrode. 

[Claim 4] A method for manufacturing an active matrix substrate^ characterized by comprising: a 

first step of forming a gate electrode^ a scan line, and a portion of a signal line on a light-transmitting 
substrate; a second step of continuously growling a gate insulating film and a non-doped semiconductor 
layer and patterning the semiconductor layer; a third step of depositing a channel protection film and 
forming contact holes in drain and source portions; a fourth step of forming a contact layer by ion doping; 
and a fifth step of forming a pixel electrode and the rest of the signal line with the use of a 
light-transmitting conductive film, 

[Claim 3] The method for manufacturing an active matrix substrate according to claim 4, 

characterized by comprising, instead of the fifth step, the steps of: forming the drain electrode and source 
electrode and the rest of the signal line with the use of a metal; and forming the pixel electrode with the 
use of the light-transmitting conductive film. 

[Claim 6] The method for manufacturing an active matrix substrate according to claim 4 or 5, 

characterized in that plasma doping is used in the fourth step, 
[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] The present invention relates to an active matrix liquid crystal display 
device including a channel-protection type thin film transistor, which is used in a liquid crystal display 
device or the like, and a manufacturing method thereof. 
[0002] 

[Prior Art] FIG 6 shows the concept of an active matrix liquid crystal display device including a 
conventional channel-protection type thin film transistor. The active matrix liquid crystal display device 
has, as shown in FIG 6, a structure including a thin film transistor (TFT) substrate 119 and an opposed 
substrate 120, and a twist nematic (TN) liquid crystal 121 sandwiched between the substrates* 
[0003] The TFT substrate 119 is composed of a transparent pixel electrode 115 provided for each pixel, a 
signal line 123 and a scan line 122, and further a thin film transistor 124 provided for each pixel electrode 
115, which are formed in a matrix form on a glass substrate. The opposed substrate 120 is composed of 
a transparent electrode 125, RGB layers (denoted by R and G in FIG 6) 126 corresponding to each pixel, 
and a light-shielding layer 127 intended to block light. 

[0004] FIGS. 7(a) to 7(h) show a method for manufacturing a conventional channel-protection type thin 
film transistor (TFT) substrate. A first metal film such as Cr^ W, Ta, or Al is deposited on a glass 
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substrate 200 by sputtering or the like. This film is subjected to patterning to form a gate electrode 201 
(FIG 7(a)), Next, a gate insulating film 204 coinposed of SiNx or the like, a non-doped amorphous 
silicon film (a-Si film) 205, and a channel protection film 211 composed of SiNx or the like are 
continuously grown by plasma CVD, and the channel protection film 211 is then subjected to patterning 
into an island shape (FIG 7(b)). 

[0005] Next, P4- ions are implanted from above the channel protection film 211, thereby forming contact 
layers 210 for a drain 206 and a source 207 (FIG 7(c))* Further, the a-Si film 205 is subjected to 
patterning into an island shape (FIG 7(d)). Next, the gate insulating film 204 is subjected to patterning 
to selectively remove only the gate insulating film 204 on a peripheral contact portion 217 composed of 
the first metal film (FIG 7(e)), Next, a second metal film such as Cr, W, Ta, or Al is deposited by 
sputtering or the like and is subjected to patterning to form a signal line, a source electrode 212 and a 
drain electrode 213 (FIG 7(f)). Further, a transparent conductive film such as an indium tin oxide (ITO) 
is deposited and subjected to patterning to form a pixel electrode 215 (FIG 7(g)). Next, an insulating 
film such as SiNx is grovv^n by plasma CVD or the like, patterning is carried out for removing a portion of 
the insulating film, which is deposited on the pixel electrode 215 and the iike^ to form a passivation film 
218 (FIG 7(h)). 

[0006] As described above, the method for forming a channel-protection type thin film transistor substrate 
involves the seven patterning steps corresponding to FIG 7(a) to 7(h) (except FIG 7(c)), The method 
described above involves a large number of steps, seven patterning steps, and thus have the problems of 
the poor yield and ballooning production costs. 

[0007] In addition, since the conventional method performs ion implantation from above the a-Si film 205 
layer, ions are implanted into the upper portion of the a-Si film 205 layer to result in the formation of the 
contact layers 210 as shovm in FIG 7(d), while a side portion 205a of the a-Si film 205 layer has no 
contact layer 210 formed due to no ion implanted. 

[0008] Thus, when the source electrode 212 and the drain electrode 213 are formed by patterning on the 
contact layers 210 after carrying out the ion implantation, the source electrode 212 and the drain electrode 
213 directly come in contact with the side portion 205a of the a-Si 205 shown in FIG 7(f). Therefore, 
side leak current flows, leading to high off current in the TFT. 

[O009] In order to solve these problems^ Japanese Patent Laid-Open No. H5-95002 discloses the prior art 
described below. In the same way as in the conventional example described above, as shown in FIGS. 
8(a) to 8(h), a gate insulating film 204 and an a-Si film 205 are continuously formed on a gate electrode 
201 and subjected to patterning (FIGS. 8(a), FIG. 8(b)), a channel protection film 211 is then formed on 
these films, and contact holes 208 are respectively formed in two areas (FIG 8(c)). Next, with the 
channel protection film 211 as a mask^ ions are implanted from above a glass substrate 200 to form 
contact layers 210 (FIG 8(d)). After that, in the same way as in the prior art described above^, patterning 
is carried out for a peripheral contact portion 217, a drain electrode 213, a pixel electrode 215, and a 
passivation film 218 (FIGS, 6(e) to (h)). In this case, a source 207 and the drain electrode 213 get 
contact with the contact layers 210 only via the contact holes 208, but do not directly get contact with the 
a-Si film 205 layer. Therefore, generation of side leak current can be suppressed. However, this 

3/7 



English Translation of JPHP- 160509 



method involves the seven patterning steps, which remains unchanged from the prior art described above, 
[0010] In addition^ as another prior art, Japanese Patent Laid-Open No. S60-1 28486 discloses the 
following technique in which signal lines are formed when scan lines and pixel electrodes are formed^ and 
connected through contact holes. As shown in FIG 9, first, a gate electrode 301 and a portion of a 
scan line 303 are formed during the formation of a first metal (FIG 9(a)). Next, a gate insulating film 
304 and an a-Si film 305 are deposited^ and the a-Si film 305 is subjected to patterning (FIG 9(b)), 
Further, after forming contact holes 308 in the gate insulating film 304 (FIG 9(c)), a portion 328 of the 
scan line, a signal line 302, a source electrode 312 and a drain electrode 313, and a pixel electrode 315 are 
formed with the use of a transparent conductive material (FIG 9(d)). Finally, after the formation and 
patterning of a passivation film 318 (FIG 9(e)), a light-shielding layer 327 is provided (FIG 9(f)), This 
method reduces the number of patterning steps by one step as compared to each prior art described above, 
by carrying out the patterning step for the signal line at the same time as the patterning for the scan line 
and the pixel portion. 
[001 1] 

[Problem to be solved by the Invention] The conventional channel protection type thin film transistor 
described above requires a number of patterning steps^ seven (six) patterning steps, which results in a 
complex manufacturing process, and thus has the problems of poor yield and increased cost. 
[0012] An object of the present invention is to provide an active matrix substrate that can be 
manufactured with the reduced number of patterning steps at reduced production cost and high yield in a 
process for a channel protection type thin film transistor, and a method for manufacturing the active 
matrix substrate* 
[0013] 

[Means for Solving the Problem] According to the present invention, there is provided an active matrix 
substrate characterized in that, in a thin film transistor substrate in which a channel -protection type thin 
film transistor is arranged on a substrate, the channel-protection type thin film transistor comprising a 
gate electrode^ a gate insulating film, a semiconductor layer, a drain electrode and a source electrode, and 
a channel passivation: a signal line is composed of a first region comprising a metal of the same layer as a 
scan line and a second region comprising a metal of the same layer as a pixel electrode, and the first and 
second regions are connected to each other through a contact hole provided on the first region. 
[0014] In addition^ according to the present invention, there is provided a method for manufacturing an 
active matrix substrate, characterized by comprising: a first step of forming a gate electrode, a scan line, 
and a portion of a signal line on a light-transmitting substrate; a second step of continuously growing a 
gate insulating film and a non-doped semiconductor layer and patterning the semiconductor layer; a third 
step of depositing a channel protection film and forming contact holes in drain and source portions; a 
fourth step of forming a contact layer by ion doping; and a fifth step of forming a pixel electrode and the 
rest of the signal line with the use of a light-transmitting conductive film, 
[0015] 

[EmbodiJTients of the Invention] Examples of the present invention will be now described with reference 
to the drawings. FIG I shows a unit element diagram of an active matrix substrate according to a first 
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embodiment of the present invention, 

[0016] The unit element includes a scan line 3 for driving a gate electrode 1 of a thin film transistor, a 
signal line 2 for transmitting signals to a pixel, a portion 14 of the signal line, a thin film transistor 24 as a 
switching element^ and a pixel electrode 15* The pixel electrode 15 is connected to an a-Si film (a 
semiconductor layer) 5 through a contact hole 8 created in a channel protection film. In addition, the 
signal line 2 is formed fi^om the same layer (first region) as the scan line 3, v^hile the portion 14 of the 
signal line 2 is formed from the same layer (second region) as the pixel electrode 1 5 and connected to the 
lov/est signal line 2 through a contact hole 9 reaching the signal line 2. 

[0017] Next^ a manufacturing method for the first embodiment of the present invention will be described 
also with reference to FIGS, 2(a) to 2(h). First, a first metal film composed of Cr, W, Ta, Al, or the like 
is deposited on a transparent glass substrate 20 by sputtering or the like to have a thickness of 1000 A to 
3000 A, and subjected to patterning by the use of photolithography to form a gate electrode 1, a scan line 
3, and a portion 14 of a signal line 2 (FIG 2(a), FIG 2(e)). Next^ a gate insulating film 4 composed of 
SiNx or the like and a non-doped a-Si film 5 are continuously deposited by plasma CVD or the like to 
have thicknesses of 2000 A to 6000 A and 500 A to 1000 A, respectively, and the a-Si film 5 layer is 
subjected to patterning into an island shape (FIG 2(bX FIG 2(f)). Next, a channel protecfion film U 
composed of SiNx or the like is laminated over the glass substrate 20 by plasma CVD or the like to have 
a thickness of 1000 A to 3000 A, patterning is carried out for contact holes 8 in a drain portion 6 and a 
source portion 7 while peripheral contact portions for leading portions of the scan hne 3 and the signal line 2 
as well as a contact hole 9 reaching the signal line 2 are formed (FIG 2(c), FIG 2(g)). Since the channel 
protection film 11 on the order of 2000 A and the gate insulating film 4 on the order of 4000 to 6000 A, 
that is, the insulating films that are different in film thickness have to be etched in this patterning step, wet 
etching needs to be carried out using conditions enough to obtain sufficient selectivity to the a-Si film 5 
under the contact hole 8 portion, for example, using BHF. Next, P-^ ion doping from above the channel 
protection film 11 is performed to form a contact layer 10. Next, a transparent conductive material such 
as an indium tin oxide (ITO) is sputtered to form a pixel electrode 15, a source electrode 13 and a drain 
electrode 12, and the portion 14 of the signal Hne by patterning ((FIG 2(d), FIG 2(h)). As described 
above, the number of patterning steps is four. 

[0018] Since the first embodiment uses a transparent conductive material for the portion 14 of the signal 
line 2, the signal Hne 2 has a large wiring resistance. Therefore, improvement is required for larger 
panels. In a second embodiment described below, the signal line 2 is formed from only metal in order to 
deal with larger panels. 

[0019] FIG 3 shows a unit element diagram of an active matrix substrate according to the second 
embodiment of the present invention. It is to be noted that the same portions as those in the first 
embodiment are denoted by the same reference numbers. The unit element includes a scan Hne 3 for 
driving a gate electrode 1 of a thin film transistor 24, a signal line 2 for transmitting signals to a pixel, a 
portion 14 of the signal line 2, the thin film transistor 24 as a switching element, and a pixel electrode 15. 
A source 7 and a drain 6 are composed of a metal, and connected to an a-Si film 5 through contact holes 8 
created in a channel protection film. The pixel electrode 15 is located in the same layer as the source 7 
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and the drain 6. In addition, the signal line 2 is formed from the same layer as the scan line 3. The 
portion 14 of the signal line 2 is formed in the same way as the drain 6^ and connected to the lowest signal 
line 2 through a contact hole 9 reaching the signal line 2, 

[0020] A manufacturing method for the second embodiment of the present invention will be described 
below also with reference to FIGS. 4. In the same way as in the first embodiment, a gate electrode 1, a 
scan line 3, and a portion 14 of a signal line 2 are formed on a glass substrate 20 (FIG 4(a), FIG, 4(jf)), a 
gate insulating film 4 and a non-doped a-Si film 5 are continuously formed, and the semiconductor layer 
is subjected to patterning into an island shape (FIG 4(b), FIG 4(g)), Next, a channel protection film 1 1 
is deposited, and contact holes 8 and a contact hole 9 reaching the lower signal line 2 are formed (FIG 
4(c), FIG 4(h)). After forming contact layers 10 by PH- ion doping, a metai such as Cr, W, Ta, Ai, or the 
like is deposited and subjected to patterning to form the portion 14 of the signal line 2 and a source 
electrode 13 and a drain electrode 12 (FIG 4(d), FIG. 4(i)). Finally, a transparent conductive material 
such as an ITO is formed by sputtering and subjected to patterning into a pixel electrode 15 (FIG 4(e), 
FIG 4(j))^ Accordingly, this embodiment involves the five patterning steps. 

[0021] Next, a third embodiment of the present invention wili be described with reference to FIG 5- 
The structure of this embodiment is the same as those in the first or second embodiment. However, in 
order to form the contact layers 10, plasma doping is carried out with the use of PH3 in CVD after 
forming the channel protection film 1 1 by plasma CVD, rather than carrying out PH- ion doping. The 
plasma doing conditions are, for example, a gas flow rate of 1000 seem, a pressure of 8 Pa, power of 
lOOW, a temperature of 250 degrees, and a time period of 1 minute. This allows the contacts to be 
formed at low cost without the use of an ion doping apparatus. 
[0022] 

[Advantage of the Invention] As described above, the active matrix substrate according to the present 
invention is formed in accordance with the patterning steps for forming gates, islands, contacts, and pixels, 
and the number of patterning steps can be thus reduced compared to the prior art. 

[0023] Thus, an active matrix substrate of the present invention and a manufacturing method thereof can 
avoid the poor yield and increased cost associated with the complex process, which become problems in 
channel protection type thin film transistor panels, and can produce products with excellent characteristics 
at high yield and low production cost, 
[Brief Description of the Drawings] 

[FIG I] a plan view illustrating the structure of a first embodiment of the present invention 

[FIG 2] cross-sectional views (a) to (d) for each step for illustrating a manufacturing method for the first 

embodiment of the present invention; and plan views (e) to (h) corresponding to (a) to (d) respectively 

[FIG 3] a plan view illustrating the structure of a second embodiment of the present invention 

[FIG 4] cross-sectional views (a) to (e) for each step for illustrating a manufacturing method for the 

second embodiment of the present invention; and plan views (f) to (j) corresponding (a) to (e) 

[FIG 5] a cross-sectional view illustrating a manufacturing method of a third embodiment of the present 

invention 

[FIG 6] a cross-sectional view illustrating the structure of a conventional active matrix liquid crystal 
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display device 

[FIG, 7] cross-sectional views (a) to (h) for each step for illustrating a manufacturing method for a 
conventional channel-protection type thin film transistor 

[FIG 8] cross-sectional views (a) to (h) for each step for illustrating a manufacturing method for another 
prior art thin film transistor 

[FIG. 9] plan views (a) to (f) for each step for illustrating a manufacturing method for still another prior 
art thin film transistor 
[Explanation of Reference] 

I, 201,301 gate electrode 

2, 123, 302 signal line 

3, 122j 303 scan line 

4, 204, 304 gate insulating film 

5, 205, 305 a-Si film 
65 206 drain 

7, 207 source 

8, 208, 308 contact hole 

9 contact hole reaching signal line 

10^210 contact layer 

II, 211 channel protection film 
1 2, 21 3, 3 1 3 drain electrode 
13,212,312 source electrode 
14 portion of signal line 

15, 215, 315 pixel electrode 
20, 200 glass substrate 
24, 124 thin film transistor 

1 19 thin film transistor (TFT) substrate 

1 20 opposed substrate 

121 TN liquid crystal 
126 RGB color layer 

127, 327 light-shielding layer 

205a side portion of a-Si layer 
217 peripheral contact portion 
2 1 8, 3 1 8 passivation film 
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